Abstract. An overview on the current situation of economic, resource and environmental system in Ordos city shows that there exist some problems, such as wealth gap, irrational industrial structure, pressures on resources exploitation and environmental pollution. The economic development in Ordos depends on coal resource while the exploitation results in water shortage and environmental pollution. In order to realize the sustainable development of ecological economic system, a system dynamics model, which coordinates the subsystems of economy, resources and environment, is constructed and resource utilization efficiency, environmental protection and economical development are considered as systemic parameters to forecast the development trend of Ordos. Then, sustainability of four development modes are compared via setting its control parameters together with a introduced resource-environment loss rate. Finally, we make a conclusion that the Harmonious development-oriented mode makes the GDP growing moderately and the economic losses of resources and environment destruction are under control and the losses decrease gradually, realizing the benign balance between the economic benefit and ecological benefit.
Introduction
Ordos is a typical resource based city. By 2009, The National Development and Reform Commission of China (NDRC) declared that there are 44 resource-exhausted cities in China, which accounted for 37% of the total number of resource based cities. The resource based cities always face the economic stagnation when resources are exhausted. These cities are lacked of overall planning and have a single industrial structure during the development. Their economic growth mainly depends on the large-scale mining, which eventually led to the exhaustion of the resources, irreversible damage of ecological environment and difficulty of urban renaissance. In order to avoid undergoing the same development way of resource-exhausted cities, resources cities, in the stage of growth, should have an advanced plan to coordinate the balance between economical growth and ecological protection. So far, Ordos city had more than ten years of rapid economic growth and people's living standard is in the front row of China. Therefore, how to maintain the fast economic growth with a sustainable development strategy is becoming one of the most important issues.
Characters of Study Area

The Current Situation of the Economic Subsystem
Since 2005, the average annual growth rate of Ordos is 23.4%. In 2010, the Gross Domestic Product of Ordos reached 264.3 billion yuan and the industrial output accounts for more than 90% of GDP and the coal mining makes up more than 40% contribution to the city's national financial income [2] . However, the heavy industries oriented by resources, did not fully push forward other industries on the transition process from profit to industrial capital so that the other industries are lake of science and technology. Furthermore, the urbanization rate of Ordos is above 70% by 2011. The annual disposable income of urban residents is 28986 yuan and the net income of farmers is 9982 yuan [1], illustrating that the people's living standards in Ordos have been significantly improved.
The Current Situation of the Resource Subsystem
Ordos city has rich reserves of underground energy minerals. The exploitation and utilization of mineral resources has promoted the mining industry into forceful development. The potential economic value of energy minerals, non-metallic mineral, salt chemical and building materials accounts for more than 52% of that of the Inner Mongolia Province. Abundant coal reserves make the Ordos an extra large thermal coal of high quality and coal liquefaction base with annual production capacity of 100 million tons [3] . With the gradual expansion of four big industries, the consumption of mineral resources will increase sharply and the city will get great pressure on resource exploitation.
2.3The Current Situation of the Environment Subsystem
Ordos has rich natural resources, but a fragile ecological environment, dry climate and serious desertification. The industrial activities have resulted in negative external effects on ecological environment. In 2010, the emission of industrial smoke is 104000 tons while the emission of SO2 is 226000 tons [2] , beyond the emission limits of Inner Mongolia. Furthermore, the process of coal mining and preprocessing had produced a large number of wastewater. The stripping output has seriously destroyed the water, land and vegetation resources [4] . The transport of resources has caused serious dust pollution along the traffic lines. All of these make the ecological system of drought and desert grassland more fragile.
Method and Model Description
Objectives and System Dynamics Method
The resource exploitation in Ordos brings economic benefits as well as negative environmental effects and potential risks. Therefore, it is urgently needed to build a systemic analysis model to identify the controlling and influencing factors and then make the improvement policies for balancing economy and environment [5] . So we use system dynamics method to build an ecological economic systemic model. The system dynamics method was created by Forrester of Massachusetts Institute of Technology in the mid-1950s [6] . After decades of development and improvement, the system dynamics model has been widely used in the study of economy, society, ecology and many other complex systems [7, 8] . The systemic dynamics model can reveal the dynamic changes, feedback, delay and other processes of a system. Therefore, it has a distinct advantage in analyzing, improving and managing the system characterized by long development cycle and complex feedback effects [9] . 
Data Sources
Ecological Economic System Dynamics Model in Ordos City
Model Structure of Economic Subsystem
In the economic subsystem, the industrial investment expands reproduction and realizes the positive feedback of growth in industrial GDP. The mining industry refers to coal and non-metallic mining while the non-mining industry refers to the other industries. GDP is the direct reflection of the economic value while the net GDP considers the economical losses caused by water shortage and pollution. We choose the growth of industrial GDP as an important indicator to evaluate the industrial GDP. The formation of mining and non-mining industry fixed assets generally needs 3-5 years, therefore, the function between the increase of fixed assets and the fixed asset investigation is treated as 3-order delay function. Normally, the life of mining and non-mining industry fixed asset is ten years [10] ; In addition, in order to simplify the study, the environmental protection investment and water conservancy investment is set 3% respectively. According to the data in the statistical yearbook, the initial value of industrial GDP in 2004 is 16.931 billion yuan [2] . The simulation structure of economic subsystem in Ordos city is shown in figure 4-1.
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Model Structure of Resource Subsystem
In resource subsystem model, we mainly discuss relationship between water shortage and GDP [11] and the sustainable development of coal resources. Industrial investment, especially the increase of mining investment, speeds up the development of mineral industry. On the other hand, the introduction of advanced production technology improves the recovery rate and reduces the loss rate of resource and environment. The decrement of coal reserves is equal to the raw coal output divided by recovery rate. The degree of water shortage is influenced by the consumption and supply of water and water conservancy investment. The water conservancy investment can indirectly ease the water shortage by increasing the water supply, reducing the water wastage, and improving the comprehensive utilization and recycling efficiency. According to the Bulletin of Water Resources in Ordos City, the annual water supply is 1.6314 billion tons and the exploitable reserves of coal are 149.6 billion tons. The simulation structure of resource subsystem is shown in figure 4-2. 
Model Structure of Environment Subsystem
The industrial development characteristics of Ordos city shows that the main pollutants are SO2, CO2, industrial smoke, industrial waste water, and COD. Pollution generation and handling mechanism decides the pollution level. GDP is used to predict the future generation of industrial pollutants. Furthermore, the disposed costs can be used to estimate the economic effects of pollution [12] . The mining, which causes a great impact on ecological environment, reduces the coal reserves and produces a large number of pollutants [13] . In turn, this will restrict the economic development. The model is shown in figure 4 -3.
Simulation of Ecological economic System Dynamics Model
After the model building, we have finished a model testing to make sure the ecological economic system dynamics model of can effectively reflect the present situation of economy, resources and environment and be used to predict the future development trends. We use data as specified in the policies to predict the basic behaviors of the economy, resources and environment subsystems from 2004 to 2018.
Results and Analysis of Economic Subsystem
According to the statistical yearbooks of Ordos city, the industrial investment is set as 67% from 2010 and the mining investment as 34.27%. The GDP of Ordos city will break through 3 trillion at 2018. By then, the gap between net GDP and GDP will be gradually widened (figure 5-1) because that the development of industry inevitably consumes large amounts of mineral resources and water resources and produces a large number of pollutants. The investment for fixed assets, especially for mining, increases constantly under these policies ( figure 5-2 ). In this case, the GDP grows faster than in reality since the primary and tertiary sectors are ignored. 
Resources and Sustainable Development
Fig 5-2 The developing trend of investment in Ordos
Results and Analysis of Resource Subsystem
In this section, water shortage, the correspondingly economical effect, raw coal output and exploitable coal reserves are predicted. Ordos is a lack of water resources. Without sufficient of the water conservancy investment, local industry development is restricted. The leading industry water requirement of 2010 is 616.103 million cubic meters and will increase to 965.3 million cubic meters in 2015 [14] . Ordos holds 149.6 billion tons proved coal reserves. the raw coal production increases year by year ( figure 5-5) . The massive coal exploitation will bring great economic benefit in the short term. Without restriction in coal mining, serious waste will be caused by the low recovery rate. Consequently, the resource depletion will not be far away ( figure 5-6 ). Fig 5-6 The Change on the exploitable reserve of coal in Ordos
Results and Analysis of Environment Subsystem
In this section, the model are used to predicate the emissions of COD, industrial SO2, industrial smoke, CO2, industrial waste water and the economical effect of pollutant. Figure 5 -7 and figure [5] [6] [7] [8] show that the pollutant emissions increase while the emissions of industrial waste water and COD do not increase a lot. The correspondingly economical losses are shown in 5-9. Actually, the solid wastes of the coal mining, such as coal gangue, slag, etc., which are neglected, will cause extra cost. The uncontrolled industrialization will damage the environment a lot in near future. 
Fig 5-9 Economical effects of pollution in Ordos
Policy Adjustment for Ecological Economic System in Ordos City
The simulation results are almost consistent with the real situation in Ordos city. In this case the development is not sustainable. Therefore, control parameters are used to predict the results of different decision alternatives. Based on the principle of regulation and controlling [11] and the reality of economy, resources and environment in Ordos city, the controlling parameters are adjusted to analyze four development modes, specifically, these are Real evolution type, Resource leading type, Environment protection type and Harmonious development type. These parameters are listed in table 6-1, specifically, these include ratio of environmental protection investment, ratio of water conservancy investment, ratio of industrial investment, and ratio of mining industrial investment on economic subsystem; ratio of industrial water reuse, and recovery ratio on resource subsystem; emission of CO2 per million GDP, emission of COD per million GDP, emission of SO2 per million GDP and emission of smoke per million GDP on environment subsystem. (1) Real evolution type is based on the real data and current policies and the simulation results are shown in chapter 5.2.
(2) Resource leading type aims to develop the resource industries. To boost local economic development, the feedback loop effect of economic subsystem should be strengthened. After repeated testing, we reset the ratio of industrial investment and ratio of mining investment respectively as 67% and 38% while other parameters remain unchanged.
(3) Environment protection type aims to protect the resources and environment. According to the Environmental Planning of 2011 to 2015 in Ordos city, indicators of environmental protection investment, water conservancy investment, industrial water reuse and recovery rate are raised while the pollution emission are reduced (table 6-1).
(4) Harmonious development type aims to achieve coordinated development between environmental protection and economy growth. To balance both, environmental protection investment and water conservancy investment are raised, mining investment is lowered as 22.85%, and industrial investment is slightly raised. Accordingly, industrial water reuse and recovery rate indicators rise and indicators of emission of CO2 per million GDP, emission of COD per million GDP, emission of SO2 per million GDP and emission of smoke per million GDP fall (table6-1).
Conclusions
The loss rate of resources and environment [13] is used to measure the regional sustainable development. The formula is described as the difference between GDP and net GDP divided by GDP.A lower loss rate of resources and environment means a less of resources shortage and environmental pollution and a better policy effect.
(1) The average resources and environment loss rate of Real evolution type from 2008 to 2018 is 0.0482, which is the largest of the four types. Obviously, current structures of investment and industries, resource consumption speed, exploitation efficiency and environmental emission level will cause great economic losses. Although, the loss rate of resources and environment gradually declines, showing that this type has a certain level self improvement. As the values of GDP and net GDP are minimum, this develop mode is not a suitable.
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Resources and Sustainable Development (2) Resource leading type holds the highest and fastest growing GDP and net GDP. Although the exploitation of resources makes a great contribution to economic growth, the coal reserves drop down significantly and economic losses caused by the pollution reaches the maximum. The average of loss rate of resources and environment is 0.0463, which means that the faster the economy develop, the more consumption on resources and the much more damage on ecological pollution.
(3) Environment protection type's GDP and net GDP are smaller than Resource leading type and Harmonious development type. In this case, the government will invest more on environmental protection, energy conservation and emission reduction, etc., and relatively reduce the investment on resources exploitation. Consequently, the coal reserves decline relatively slow, the water gap narrows down and the pollutant emissions become controllable. The average of loss rate of resources and environment is 0.0379, which is the smallest of the four types. Although this mode is the most environmentally friendly, the relationship between economy and environmental protection is not balanced well and the improvement of the ecological value is not enough to promote the development of the whole society.
(4) Harmonious development holds a relatively reasonable growth rate. Its GDP and net GDP are lower than the resource leading type and higher than others from 2008 to 2018.The average of loss rate of resources and environment is 0.0387, which is slightly higher than that of environmental protection type. In this case, the economic losses of resources and environment destruction are under control and the losses will decrease gradually.
Finally, we make a conclusion that the Harmonious development type makes a rational allocation of fixed asset investment on environmental protection, water conservancy, industry and coal mining. The economic losses of environment destruction are under control and the Ordos city will finally achieve a balance between economic benefit and ecological benefit.
